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Building biofilms in vital host tissues: a survival strategy of
Actinomyces radicidentis
Abstract
OBJECTIVE: To investigate the ability of Actinomyces radicidentis to survive and establish in soft
connective tissue that grew into subcutaneously implanted tissue cages in Sprague-Dawley rats. STUDY
DESIGN: Known concentrations of A. radicidentis suspension, grown on blood agar and broth cultures,
were inoculated into tissue cages in rats. The cage contents were retrieved after 7, 14, and 28 days for
culturing and correlative light and transmission electron microscopy. RESULTS: Cell suspensions
harvested from both types of cultures showed substantial decline in numbers in tissue cages during the
observation period. However, correlative light and transmission electron microscopy revealed numerous
aggregates of coccoid bacteria already by 7 days of observation compared with the formation of well
established colonies with characteristic actinomycotic features by 14 days after inoculation.
CONCLUSIONS: These results suggest that the pathogenicity of A. radicidentis is due to its ability to
form large aggregates of cells held together by embedding themselves in an extracellular matrix in vital
host tissues. Thus, A. radicidentis, like other pathogenic Actinomyces, existing in the protected
biofilm-environment can collectively evade destruction and elimination by host defenses, including
phagocytosis.
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Objective: To investigate on the ability of Actinomyces radicidentis to survive and establish  in soft 
connective tissue that grew into subcutaneously implanted tissue cages in Sprague Dawley rats. 
Study design:  Known concentrations of A. radicidentis suspension, grown on blood agar and broth 
cultures, were inoculated into tissue cages in rats. The cage contents were retrieved after 7, 14 and 28 
days for culturing and correlelative light and transmission electron microscopy.  
Results: Cell suspensions harvested from both types of cultures showed substantial decline in numbers 
in tissue cages during the observation period. However, correlative light and transmission electron 
microscopy reveled numerous aggregates of coccoid bacteria already by 7 days of observation as against 
the formation of well-established colonies with characteristic actinomycotic features by 14 days post 
inoculation  
Conclusions: These results suggest that the pathogenicity of A. radicidentis is due to its ability to form 
large aggregates of cells held together by embedding themselves in an extracellular matrix in vital host 
tissues. Thus, A. radicidentis, like other pathogenic actinomyces, existing in the protected biofilm-
enviornement can collectively evade destruction and elimination by host defenses including phagocytosis. 
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Actinomyces are anaerobic and facultative anaerobic, Gram-positive, non-acid fast, periodic acid Schiff 
(PAS)-positive, pleomorphic organisms, many of which are commensals in human oral cavity. Some 
actinomyces are well recognized pathogens in humans and animals.  Several species of actinomyces and 
Propionibacterium propionicum (formerly Arachnia propionica) have been frequently isolated from root 
canals of human teeth with primary and persistent apical lesions. Less frequently, in about 5% of all 
periapical lesions, (1-3) they have been reported to establish in periapical tissues as periapical 
actinomycosis and cause failures of endodontic treatment. Traditionally, a diagnosis of actinomycosis in 
tissue sections has been reached on the basis of demonstration of typical “ray-fungus” colonies (1, 4) and 
by specific immunohistochemical staining of such colonies. (5, 6) Since the advent of molecular methods, 
an unequivocal identification and typing of the organism has been achieved by molecular genetic 
methods, particularly by sequencing of 16s rRNA gene and by whole cell protein profiling. (7) 
Recently, two strains of previously not described actinomyces-like organisms were recovered in 
pure culture from root canals of two teeth with persistent apical periodontitis. (8) Evidence based on 
biochemical analysis, phenotypic characterization, whole-cell protein profiling and sequencing of 16s 
rRNA, the two isolates were found to be identical and has been proposed to be classified as a new 
species (7), entitled Actinomyces radicidentis (Latin: radix dentis = out of the root of the tooth) and was 
validated. (9) 
The organism was isolated from two human teeth with persistent apical periodontitis. (8) No 
immunohistochemical or microscopic analysis of the periapical tissues of the two diseased teeth was 
done. As such, it was not possible to clarify whether the A. radicidentis established itself in extraradicular 
periapical tissue as periapical actinomycosis and prevented periapical healing in the two cases reported. 
(8)
 The question as to whether A. radidicidentis is an etiological agent of persistent apical periodontitis, 
therefore, remains unanswered. The key to the pathogenicity of Actinomyces israelii, the species most 
implicated in extraradicular periapical infections, seems to be its ability to form cohesive colonies 
consisting of branching filamentous organisms in host tissues. (4) A. radicidentis do not form branching 
filaments when grown in vitro and whether it can form such filaments in vivo is unknown. Cell surface 
structures such as the fimbriae (10),  thought to be helpful for microbial adhesion (11) among themselves, 
host tissues and other surfaces, have been reported to be present in some strains of A. israelii and other 
actinomyces. (12, 13) A. radicidentis reveal intertwining network of fimbriae-like cell surface appendages, 
more often in broth than on blood agar cultures. (8) These structures may be of importance for the species 
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to establish in host tissues. It must be emphasized that the observation of the presence of A. radicidentis 
at the disease site is not sufficient evidence to implicate the organism as the causal agent of the disease.  
It is necessary to show a cause and effect relationship between A. radicidentis and its assumed 
pathological effect by experimentation in susceptible animals.  
  The purpose of this study was to investigate on the ability of A. radicidentis to establish 
experimental infections in a murine model using subcutaneously implanted tissue cages. (4)   
MATERIAL & METHODS 
Microorganism and culture conditions 
The A. radicidentis strain CCUG 42377 (Culture Collection University of Gothenburg, Sweden) was 
used. This strain had been isolated in pure culture from a microbial sample taken from an upper 
central incisor with a long history of persistent symptoms, specialist treatment, abscess formation, 
removal of root filling, antibiotic administration, and finally periapical surgery. (7, 8) The bacterial 
suspensions were prepared (i) by growing the strain on Brucella blood agar (3% laked horse blood), or 
(ii) in RPMI-1640 broth (GIBCO Bio-Cult Glasgow, UK) with 10% calf serum. The plates were 
incubated anaerobically in an atmosphere of 5% carbon dioxide and 10% hydrogen in nitrogen. The 
cells were harvested from the blood agar or RPMI-1640 broth, washed twice in phosphate-buffered 
saline (PBS; pH 7.4), and adjusted to the concentration used in the experiment. In all experiments 
cells were homogenized in a glass mortar before used in the experimental infection.  
Experimental infections 
The pathogenicity was studied by determining the survival of the organism in tissue cages in Sprague 
Dawley rats weighing 300g to 500g. The cages consisted of perforated sterile cylinders of Teflon 
implanted subcutaneously into the back of the animals as described in earlier studies. (4, 14) A total of 
24 cages were surgically implanted into the back of 6 rats (4 cages per animal). Seven days after the 
implantation, when the cages were lined by rich vascular tissues, the fluid of the tissue cage was 
aspirated and 0.2 ml of a bacterial suspension was injected into the cage. The bacterial cells were 
suspended in PBS and adjusted to approximately 109 or 108 cells per ml. The bacteria were inoculated 
into the cages within 30 minutes of harvesting. The number of viable cells in the suspension was 
determined by serial dilution and cultivation on blood agar. In each animal two cages were inoculated 
with bacteria grown on blood agar and another two with RPMI-1640-grown bacteria. 
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Seven, 14 and 28 days after the inoculation of bacteria, the cages were taken out and the tissue 
contents were divided into two pieces. One piece was used for correlative light and transmission 
electron microscopical analysis of bacterial survival and tissue reaction. The other piece was 
homogenized in a glass mortar with dilution-solution. The number of viable bacteria in the tissue was 
determined by cultivation on blood agar. 
Tissue processing for light microscopy 
The piece to be used for histomorphological evaluation was immersed in half-strength Karnovsky´s 
solution (15) and fixed for several days. Thereafter, the specimen was subdivided into 0.5 to 1 mm 
slices using a sharp razor blade, and a Wild M-5 stereomicroscope (Wild, Heerbrugg, Switzerland), 
washed in 0.185 M sodium cacodylate buffer (pH 7.4; 360 mosmol), post fixed in 1.33% OsO4 buffered 
in 0.067 M s-collidine (2,4,6 trimethylpyridine), (16) dehydrated in ascending grades of ethanol and 
embedded in Epon® (Fluka AG, Buchs, Switzerland). Survey sections of 1-2 µm thickness were 
prepared using glass or histodiamond knives (Diatome, Bienne, Switzerland) and an ultramicrotome 
Reichert OM-U2 (Leica, Glattbrugg, Switzerland), stained in periodic acid-Schiff and metyleneblue - 
Azur II and photomicrographed in a Dialux 20 photomicroscope (Leica, Glattbrugg, Switzerland) 
equipped with the digital camera Progress C14 (Jenoptik, Eching, Germany) and a digital imaging 
system (ImageAccess, Imagic, Glattbrugg, Switzerland).  Serial step cutting was adopted to create 
suitable sites for electron microscopy.  
Correlative transmission electron microscopy (TEM)  
The sites of interest were identified by thoroughly studying the survey sections in a light microscope 
and on the photomicrographs that were taken. Epon® blocks were first modified using the machine 
Leica EMTrim (Leica Microsystems) by preparing miniature pyramids of about 0.1-0.2 mm height at 
the site. The trimmed specimens were thin sectioned to a thickness of 60-80 nm using diamond knives 
(Diatome) in the ultramicrotome Reichert OM-U2 (Leica). The thin sections were collected on copper 
grids and double contrasted using lead and uranium salts. (17) Thereafter, the specimens were washed 
in distilled water, dried and examined using the transmission electron microscope EM 400T (Philips, 
Eindhoven, The Netherlands) at an accelerating voltage of 60 kV.  
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RESULTS 
Culturing from cages 
When A. radicidentis was inoculated into the tissue cages there was a decline in the number of 
bacteria during the whole observation period (Fig 1). This decline was somewhat less accentuated 
with cells harvested from RPMI-1640 than with cells grown on blood agar.  
Histomorphology 
One week after inoculation with bacteria, the cages in cross sections were found to be loosely filled 
with soft connective tissue that had grown in through the perforations of the cage.  The light staining 
outer portion of the fibrous connective tissue was dense, well vascularised but free of inflammation. An 
ascending gradient of neutrophils, or acute inflammatory infiltration, could be observed towards the 
centre of the cage (Fig 2a).  Several bacterial aggregates of varying sizes could be identified in the 
inflamed tissue (Fig 2b,c). Electron microscopically, (Fig 3) most of the neutrophils were disintegrating, 
but several of them revealed phagocytosed bacteria.   
Colonies could be observed both in cages inoculated with blood agar grown cells and RPMI-1640 
grown cells with central areas appearing less densely filled than the outer areas. The main feature of the 
cages at 2 and 4 weeks post inoculation was the presence of numerous bacterial colonies of varying 
sizes with characteristic actinomycotic features. (Fig 4) In low magnifications (Fig 4b) the central core of 
the colonies consisted of a light staining granular area that was surrounded by a dark staining periphery 
composed of a dense collection of neutrophils (Fig 4c). Electron microscopically (Fig 5) the central 
granular area of the colony consisted of densely packed coccoid microorganisms in an electron lucent 
amorphous, extracellular matrix-like substance that gave the morphological impression of the microbes 
having been embedded and held together to form a biofilm.  Several layers of neutrophils, many of which 
contained phagocytosed bacteria, surrounded the actinomycotic core of the colony. 
DISCUSSION 
A. radicidentis is a recently characterized and taxonomically recognized new species of bacterium (7, 9) 
that was discovered in association with two cases of failed endodontic treatment. (8) This study shows the 
ability of A. radicidentis to build characteristic host-resistant actinomycotic colonies or monospecies 
biofilms in vital tissues of rats.  This finding is in support of the assumption that A. radicidentis is a 
potential etiological agent of persistent apical periodontitis by virtue of its ability to survive in the inflamed 
periapical tissues of the host. 
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Inoculation of A. radicidentis into the tissue cages resulted in extravasation of large number of 
neutrophils into the caged tissue (acute inflammation), phagocytosis and intracellular killing of the 
microbes by neutrophils. This, obviously reduced the number of surviving A. radicidentis cells in the 
cages.  However, the host defense could not completely eliminate the microbes during an observation 
period of 28 days. Even after seven days of inoculation, when severe inflammation and neutrophilic 
phagocytosis were very much in evidence, A. radicidentis cells were able to form aggregates of varying 
sizes that were scattered among the dead and disintegrating neutrophils. In cages of two weeks and four 
weeks of observations, the degree of inflammation declined and  A. radicidentis could be observed to 
survive in well established colonies consisting of matrix-embedded bacterial cells that were surrounded 
by dense congregations of viable neutrohphils. This indicates that in about two weeks of inoculation into 
the host tissue and even in the presence acute host defense response, A. radicidentis possessed 
strategies that enabled them to survive and establish in host tissues.   
Several species of actinomyces are known pathogens causing chronic granulomatous diseases in 
animals and humans. (1) The ability to establish in vital host tissue is a characteristic of pathogenic 
actinomyes. However, the biological properties and the survival strategies that enable them to establish in 
host tissue are only poorly understood. Pleomorphic character of actinomyces that enables them to exist 
in phenotypic variants from coccoid to branching filaments, and the presence of cell surface structures, 
such as fimbriae, have been suggested to play helpful roles. (4) When grown in vitro the A. radicidentis 
can exist as cocci and rods with surface appendages. (8) However, this in vivo study, using strains 
harvested from blood agar and broth cultures, revealed only coccoid forms during a total observation 
period of 28 days. Light and transmission electron microscopic examination of the organisms in tissue 
cages did not show any evidence of fimbrial structures.  This finding depreciates the role, if any, of 
pleomorphy and fimbriae-like surface appendages in the pathogenicity of the strains used in this study.     
Resistance to phagocytosis has also been a suggested as a factor in the pathogenicity of certain 
actinomyces. (4) A. israelii, a saprophyte of the oral cavity and the chief etiological agent of human 
actinomycosis, has repeatedly been shown to be associated with non-resolving cases periapical 
radiolucencies of endodontically treated teeth. The properties enabling A. israelii to survive and establish 
in host tissue have been well investigated. (4) A. israelii has been shown to be highly susceptible to 
phagocytosis by neutrophils, both in vitro and in vivo. The morphological observation of intense 
phagocytosis of A. radicidentis in tissue cages in the study presented here is in full agreement with that of 
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A. israelii reported before. (4) Therefore, the ability of A. radicidentis to survive and establish in tissue 
cages is unlikely to be associated with a resistance to  phagocytosis.  
In the previous study, a strain of A. israelii, isolated from a case of failed endodontic treatment and 
grown in pure culture, was inoculated into subcutaneously implanted tissue cages in experimental 
animals. (4) Typical “cohesive colonies” of actinomycotic organisms were formed by A. israelii within the 
cages during an observation period of three weeks. In the study reported here, similar colony building 
ability in vital host tissues was observed in A. radicidentis.  Primarily the A. radicidentis survived in rat 
tissue cages not in the form of single cells floating freely in the host tissue fluid (planktonic) but as a 
collection of large number of bacterial cells held together in an amorphous, extracellular matrix-like 
material and adhering to the surrounding host tissue components. In contemporary microbiological sense 
this means the ability of A. radicidentis to build host resistant biofilms in vital tissues.  Biofilms have been 
defined as matrix-enclosed bacterial populations adherent to each other and/or to surfaces or interfaces. 
(18)
 This definition includes microbial aggregates and flocculates nested in vital host tissues such as the 
‘cohesive colonies’ of actinomyces. In naturally occurring lesions of periapical actinomycosis there exists 
the possibility of such colonies incorporating other microbial species of a mixed root canal infection. In the 
present study only A. radicidentis was inoculated into the tissue cages, yet it developed typical 
actinomycotic colonies in the host tissue. This means that A. radicidentis survived in the host tissue by 
building monospecies biofilms. 
This study shows that the pathogenic properties and survival strategies of A. radicidentis are 
similar to those of A. israelii. The successful establishment of A. radicidentis in vital tissues in the face of 
formidable host defense, including massive neutrophilic phagocytosis, depends on their ability to rapidly 
build self aggregating, collection of large number of bacterial cells embedded in an extracellular matrix 
(monospecies biofilm) that helps them collectively escape the host defense system.  
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Legends 
Fig 1. Declining number of viable cells of A. radicidentis in tissue cages at different observation 
periods after infection of the cages. The values are means of 4 to 8 cultivations with standard 
deviations (SD) shown as vertical bars. 
Fig 2. Photomicrograph of the contents of a tissue-cage one week after inoculation with A. radicidentis 
grown on blood agar plate. The cage is filled with delicate connective tissue that shows acute 
inflammation. The inflamed tissue reveals several aggregates or developing actinomycotic biofilms 
(arrow-heads) of which one in the rectangular demarcated area is magnified in stages in (b) and (c) 
respectively. Note the dark stained granular actinomycotic biofilm (AB) and the surrounding acute 
inflammatory cells (NG). Original magnifications: a x 20, b x 120 , c x 480.  
Fig 3. Correlative composite transmission electron micrograph of a large aggregate of A. radicidentis 
one week after inoculation with A. radicidentis grown on blood agar plate. Note the coccoid bacteria 
and the extracellular matrix-like material in the actinomycotic biofilm (AB) that is surrounded by 
disintegrating neutrophils (NG). Original magnifications: x 2’ 900.  
Fig 4. Photomicrograph of a well established A. radicidentis biofilm (AB) in rat tissue-cage two weeks 
after inoculation with the organism grown in blood agar plate. The cage contained delicate connective 
tissue and several actinomycotic biofilms. The demarcated one in (a) is magnified in (b) and (c) 
respectively. Note the granular core of the biofilm (AB) and dense accumulation of neutrophils (NG) 
around. Original magnifications: a x 10, b x 120 , c x 560.  
Fig 5. Correlative composite transmission electron micrograph from the periphery of a small well 
established A. radicidentis biofilm two weeks after inoculation with A. radicidentis grown on blood agar 
plate. Note the cohesive actinomycotic biofilm consisting of coccoid bacteria embedded in an extracellular 
matrix-like material forming a typical actinomycotic biofilm (AB). The biofilm (AB) is surrounded by a 
dense congregation of morphologically ‘healthy’ neutrophils (NG), some of which contain phagocytosed 
bacteria (arrow-heads). Original magnifications: x 10’ 000. 
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